This research paper presents evidence that an apparent contradiction between giftedness and learning difficulties can be resolved because 'gifted children with learning difficulties' have a characteristic profile of cognitive attributes. An extensive process using mixed methods was conducted by a multi-disciplinary team to identify a sample of 30 students (16 girls and 14 boys) who revealed dual-exceptionalities of 'mathematical giftedness' and 'learning difficulties' (in the fifth and sixth grades, ages 10 years to 11 years and 11 months, in three public primary schools in Amman, Jordan. A multi-dimensional evaluation involving eight criteria (e.g. teacher nomination, parents and teachers interviews, and documentary evidence) and a combination of psychometric (i.e. WISC-III-Jordan, Perceptual Skills Tests, and a diagnostic Arabic Literacy Language Skills Test) and dynamic mathematics assessment was used. In the WISC-III-Jordan test, a significant verbal-performance discrepancy was shown, in addition to the characteristic patterns of strengths and weaknesses in the subtests profile and factors of five cognitive classification systems and models. Visual perceptual skills, including visual short-term memory, were found to be significantly stronger than auditory perceptual skills in the MG/LD sample.
Introduction
During the last four decades, increasing attention has been given to the pressing question of "dual-exceptional" children, or more able students who also have learning difficulties (LDs). According to Baum (1989) and Brody and Mills (1997) , these dual-exceptional children who remain unrecognized can be classified into at least three subgroups: the first subgroup comprises students with hidden LDs, which includes students who are identified as gifted yet exhibit difficulties in school or, as Baum (1989) described them, "gifted students who have subtle LDs" (p. 1). This group is easily identified as gifted; however, the gap between what is expected and their actual performance is often wide (Fetzer, 2000) . The second subgroup consists of students with hidden giftedness, which includes students whose LDs are severe enough that they have been identified as having LDs, but whose high abilities have never been addressed or recognized. They are first noticed for what they cannot do, rather than for the talent they also demonstrate (Brody & Mills; Little, 2001) . The third subgroup is composed of students with hidden giftedness and LDs and "perhaps the largest group of non-served and unidentified students" (Brody & Mills, 1997, p. 2) are those whose high abilities and LDs mask each other (Baum, 1989; Brody & Mills, 1997) . These students sit in regular classrooms, are not considered as qualifying for services provided for students who are gifted or have LDs, and are regarded as possessing average abilities (Brody & Mills, 1997) .
In the field of exceptional and dual-exceptional children, identification is always related to definitions. Accordingly, nebulousness about the definitions of giftedness and learning difficulties generates problems in identifying gifted children with LDs. The major difficulty in identifying those students is that there are too many gifted children with LDs who fail to meet the qualification requirements for either gifted programs or special needs services. For example, research has shown that teachers are much more likely to refer gifted students who do not have LDs, than gifted students who do possess LDs, for placement in gifted and talented programs (Minner, 1990) . This is because students with LDs who are gifted rarely show consistently high academic achievement; they usually go unrecognized as being gifted and eligible for special programs (Baum, 1989; Beckley, 1998; Brody & Mills, 1997; Ruban & Reis, 2005) .
Some educators (e.g. Al-Hroub, 2010; Brody & Mills, 1997; Fetzer, 2000) have suggested a flexible, multidimensional approach to identification, which they argue is necessary to determine areas of strength and weakness. This approach includes an individual test of intelligence, academic tests to determine the discrepancy between potential and performance, a test of creativity to assess abilities that may not emerge from cognitive ability measures, and dynamic assessment in addition to teachers ' and parents' reports (Thomson, 2001) . Recently, AlHroub (2010) has proposed a comprehensive model for identifying gifted students with LDs, which includes teacher and parent nomination, behavioral observation, an individual intelligence test, measures of cognitive processing, perceptual skills and literacy tests, and a dynamic assessment. The proposed identification system also suggests assessing the student's level of functioning in the regular classroom environment, using curriculum-based assessment, and conducting interviews with students to assess their perceptions and attitudes toward academic work. Baum and Owen (2004) report that in order to recognize the potential for gifted behavior in students with LDs, educators should generally approach the identification process in two ways: (a) a priori identification, entailing collection and analysis of test data and interview information about students; and (b) dynamic identification, involving the use of activities purposely designed to elicit creative responses and signal possible areas of student talent. In order to recognize gifted students with LDs, there are four defining characteristics that should be considered (Al-Hroub, 2008; Brody & Mills, 1997) , including evidence of an outstanding talent or ability, evidence of an aptitude achievementent discrepancy, evidence of verbal-performance IQ discrepancy, and evidence of a processing deficit.
The Case of Mathematically Gifted with Learning Difficulties
Some mathematically gifted students do not necessarily demonstrate outstanding academic achievement, display enthusiasm toward school mathematics programs, or obtain top grades in mathematics. There are many possible reasons that these students may not be doing well, but often it is, at least in part, because of a mismatch between the needs of the student and the mathematically gifted programs provided for them. Many students refuse, or are unable, to conform to the expectations of programs (Miller, 1990) , which can be a result of their specific LDs.
According to Krutetskii's (1976) concept, mathematically gifted students may show an outstanding talent in mathematics accompanied by deficits in other areas. An instance of early mathematical giftedness was described in 1964 by psychologists in the German Democratic Republic. S. Reiner's parents first paid attention to his abilities when he was 5 years old. After one year at school, he went directly into the second grade. According to the experimenters, although Reiner showed remarkable skills in arithmetic and problem-solving, he had considerable difficulty in studying language and spelling (Krutetskii, 1976) . Leonardo da Vinci (1452 -1519 , the remarkable Florentine artist, architect, engineer, and mathematician is another case of dyslexic genius. An example of his "mirror writing," a distinctive symptom of LDs, may be seen in his notebooks exhibited at the British Museum in London (Aaron, Joshi, & Ocker, 2004) .
A "controlled comparison" study of the performance of dyslexics in mathematics was carried out by Steeves (1983) . Her subjects were 54 dyslexic students between the ages of 10 and 14 years, and 54 suitably matched controls. The researcher divided them into four groups, namely, (a) dyslexic high (DH), that is dyslexics with a high score on the Raven Standard Progressive Matrices; (b) dyslexic average (DA), namely dyslexics with an average score on the Raven Standard Progressive Matrices; (c) non-dyslexics in a mathematics class for those of high ability (NH); and (d) non-dyslexics in a mathematics class for those of average ability (NA). The DH group was found on testing to be at the same level as the NH group in the Raven Standard Progressive Matrices; in a mathematics school test, however, they scored less well than the NH group and were on a level with the NA group, whereas in the Wechsler Memory Test they had lower scores than both of the non-dyslexic groups. The DA group was on a level with the NA group in the Raven Standard Progressive Matrices, but below them in the other two tests, and was particularly weak in the Wechsler Memory Test.
In a study that was carried out at the University of Aston, Joffe (1981) gave a test of computation to 102 students aged between 8 and 17. Half of them were dyslexics, and the other half formed a control group. All of the subjects had been found to be average or above in intellectual ability in standardized tests. The results showed that 10% of the dyslexics scored very highly, whereas 60% scored well below expectation. A study carried out in the U.K. by Lewis, Hitch, and Walker (1994) on a population of over a one thousand 9 to10-year-olds, explored the incidence of arithmetic difficulties within the general population. The results showed that 3.9% of the sample had reading difficulties only, 2.3% had arithmetic and reading difficulties, and 1.3% had arithmetic difficulties only.
Significant success in using multi-dimensional assessment was experienced in a previous research study that was conducted on five mathematically gifted children with learning difficulties in the UK (Al-Hroub, 2010) . This previous research used multi-dimensional assessment, which combined psychometric (including the WISC-III-UK, the Dyslexia Screening Test, and the Neale Analysis of Reading Ability) and dynamic mathematics assessments, and without which any approach to assessing the students would have remained inadequate.
Research Aim and Questions
The issue addressed by the current research is whether multidimensional assessment can be an efficient approach to identifying mathematical giftedness and LDs in the same students. A multiple-case-study approach was used to dealing with the following three research questions: (1) What is the efficacy of using specific multiple measures to identify mathematically gifted students with learning difficulties? (2) To what extent are Arabic language and mathematics teachers able to identify MG/LD students? (3) What are the parents' and teachers' contributions to identifying the unusual behavioural patterns that these students? (4) What is the special academic and perceptual behavior of mathematically gifted children with learning difficulties? and (5) What is the nature of the relationship between students' mathematical abilities and their learning difficulties (LDs)?
The rationale for using a multidimensional approach was perceived as follows: (a) the Jordanian version of the Wechsler Intelligence Scale for Children (WISC-III UK ) is a good means of identifying cognitive strengths and weaknesses; (b) Verbal, Performance or Full-Scale scores, or Verbal-Performance discrepancies tend to obscure the subtly distinctive patterns that characterize and identify the various gifted/LDs groups; (c) a dynamic assessment approach can provide a means of assessing potential development of dyslexic and underserved gifted students, and of determining the discrepancy between potential and performance (Al-Hroub, 2010; Haywood & Lidz, 2007; Kanevsky, 2000; Kirschenbaum, 1998) ; and (d) important information can be obtained from parents and teachers about the academic and social activities of the children, which may not be demonstrated when using standardized tests.
Method

Participants
The identification process was conducted by a multi-disciplinary team of two diagnosticians to identify a sample of 30 students (16 girls and 14 boys) who revealed dual-exceptionalities of 'mathematical giftedness' and 'learning difficulties' in the fifth and sixth grades, aged 10 years to 11 years and 11 months, at three public primary schools in Amman, Jordan. The participants were chosen from Grades 5 and 6 so as to avoid earlier years, as students who have specific learning difficulties or high ability in mathematics are difficult to recognize or identify in the earlier years of schooling. All the students were from relatively middle-class backgrounds and Arabic was the first language and the one spoken at home. In the process of selecting the 30 cases, 52 students were nominated by their classroom teachers and evaluated in the study; 22 students were excluded from the research because assessment showed that they were not mathematically gifted with specific learning difficulties (MG/LDs).
Data Collection
A combination of eight techniques for identification was used, which some being used to identify giftedness and others, to identify LDs. Each student was evaluated formally and informally for approximately 12-15 hours over 7-9 sessions. The formal and informal assessments were conducted in the following order: (1) documentary evidence, (2) teacher's nomination, (3) observation, (4) teacher and parent interviews, (5) the Wechsler Intelligence Scale for Children (WISC-III-Jordan, 1996) , (6) the Group of Perceptual Skills Tests (Waqfi & Kilani, 1998) , (7) the diagnostic Arabic Literacy Language Skills Test (Waqfi, 1997) , and (8) dynamic assessment involving a mathematics achievement test. Most of the assessments were carried out in the counsellors' rooms and, if not there, in a learning resource room or the library.
Results
Teacher Nomination
By comparing the number of students who were nominated by their teachers as 'dual-exceptional' learners (population = 52 students), with the number of students who were identified through psychological and dynamic assessment (sample = 30 students), it appears that 57.6% of teachers' nominations were accurate, whereas 42.4% were incorrect. There can be found in this study, therefore, a wide variation between teacher judgments and objective measures. Also, Arabic language and mathematics teachers showed a broad inter-individual variance in the accuracy of their nomination. Consequently, the accuracy of the three primary schools' nominations varied between 33.3% and 80%.
Parents' and Teachers' Identification
The outcomes of the interviews stressed the essential contribution of parents in providing information about the familial, physical, psychological, and educational histories of the students. Further, they were the chief source of information about the unusual behavioral patterns of their dual-exceptional children. Teachers were found to be less able to identify these behavioral patterns, but more capable than parents of identifying students' learning difficulties and/or even their mathematical giftedness. According to the parents, about three-quarters of their dual-exceptional children tended to have unusual behavioral patterns, such as withdrawal, anger, hostility, being overly affectionate or overly sensitive, while teachers reported that only one-quarter of students had these patterns. Also, while more than one-third (37.9 per cent) were reported by parents to show emotional tension, fear, irritation or lack of confidence, teachers reported that the percentage was less than one-third (30 per cent). However, parents reported, like teachers, that girls tended to show these behavioral patterns more than boys.
On the other hand, while teachers reported that the 30 identified students were suspected of having learning difficulties togehter with their high mathematical abilities, parents identified those children according to five subgroups: (a) about half of the students (15 out of 29) were identified as mathematically gifted but without their learning difficulties being recognized; (b) 2 out of 29 students were not identified as mathematically gifted without their learning difficulties were recognized; (c) around one-third (10 out of 29) of the students were neither recognized as mathematically gifted nor as having learning difficulties; (d) 2 out of 29 students were recognized as mathematically gifted with learning difficulties; (e) the reports of two parents indicated that their children with misdiagnosed with some other problems or disorders (e.g. attention deficit hyperactivity disorder [ADHD], emotional problems, or slow learning). Table 1 reports means and standard deviations of Verbal, Performance and Full-Scale IQ Indices scores for the present dual-exceptional learners sample and also the Average-IQ group. The results show that there were significant differences for the three IQ Indices scores as follows: Verbal Scale IQ [t (50) = 9.49, p < .01], Performance Scale IQ [t (50) = 6.85, p < .01], and Full Scale IQ [t (50) = 11.04, p < .01]. In general, the data in Table 1 show that the composite IQ scores, Verbal, Performance and Full Scale, of the Average-IQ group were generally lower than the dual-exceptional sample. Table 2 presents the WISC-III-Jordan scatter/range indices for the dual-exceptional sample and the Average group. The analysis of the subtest scatter/range indices results indicates that the mean VIQ-PIQ discrepancy of 12.73 points for the dual-exceptional sample is more than one and a half times the value of 7.95 points for Average-IQ students, but it is not significantly greater than the Average-IQ mean [t (50) = 1.72, p = .092]. Table 3 shows the average score for each paired factor for the 30 students. The results showed that apart from the Auditory Word Span -Auditory Digit and Auditory Analysis Skills -Visual Analysis Skills, there are significant mean differences for the dual-exceptional sample in all of the other seven paired tests and skills. Table 4 show that the girls and boys in the sample had a delay in all of the six subtests and the three language areas of the scale. The findings also showed that there were statistically significant differences between the two groups in their literacy language delay, with the boys showing consistently greater delays. It is noticeable that boys tended to show greater delay than girls in all of the literacy language subtests and areas. The least difference in mean delay was found in the Listening Comprehension Vocabularies test (only significant at the .05 level) and this was the area of mean delay for both genders. 
Analysis of the WISC-III-Jordan Cognitive Factors
Auditory and Visual Perceptual Skills
The Arabic Language Basic Skills
Mathematical Giftedness
The findings in Table 5 show the mean and standard deviation values of the dynamic mathematics tests for the dual-exceptional sample. There was a statistically significant difference, as measured on the scale of Dynamic Mathematics Assessment, between pre-test and post-test [t (29) = 25.24, p < .01]. The findings also show a large Cohen's effect size (d = 5.06), and stet correlation (r =0.93), which indicate that the difference has high practical significance. Given the relatively brief instruction provided, the impressive degree of learning evidenced by this result indicates that this group of students were indeed highly capable of learning novel mathematical problemsolving, and responded very effectively to the instruction provided. 
Conclusion and Discussion
The findings revealed that using multiple sources of data was essential in order to strengthen the conclusions. Although no single source was able solely to identify the 'mathematically gifted students with learning difficulties', each single source complemented the others, and it was helpful to use all of the sources together. For example, it was not possible to screen or identify 'dual-exceptional' children without considering teacher nominations as the first element of the identification process. Furthermore, the findings regarding the mathematical achievements in terms of the dynamic interaction between the students and their opportunity to learn added valid results to the psycho-educational assessment involving the WISC-III-Jordan and other learning difficulties tests.
More specifically, parents provided important information about the behavioural characteristics of their children. They were found to be better able to identify these behavioural characteristics than teachers. On the other hand, parents were found less able than teachers to identify learning difficulties and/or mathematical giftedness in their children. According to parent interviews, MG/LD students can be categorised into the following five subgroups: (a) mathematically gifted with hidden LDs; (b) LD students with hidden mathematical giftedness; (c) students with hidden mathematical giftedness and LDs (d) students with recognized mathematical giftedness and LDs; (e) students who are misdiagnosed as slow learners or ADHD students.
The analysis of the cognitive and perceptual characteristics of the dual-exceptional students in the WISC-IIIJordan and the Group of Perceptual Skills Tests (Waqfi & Kilani, 1998) bears certain similarities to, and differences from, those previously cited in the literature. Some such similarities and differences support findings from previous work, but in other cases the claims made by earlier studies are not supported by the findings resulting from the research into this particular sample. However, many of the differences are not surprising as the present sample represents the mathematically gifted with learning difficulties, and not those students who are gifted in all areas. For example, there was a clear tendency for Verbal IQ (VIQ) to be higher than Performance IQ (PIQ) among most MG/LDs. This supports the proposal that gifted children (e.g. the MG/LDs sample) tend to have VIQ > PIQ (Kaufman, 1994) , but it contradicts the PIQ > VIQ as an indicator of LDs. These findings are also of interest in the context of the relationship between dyspraxia and dyslexia. Relatively low VIQ has been considered an indicator of dyslexia and relatively low PIQ of dyspraxia (Weschler, 1991) . However, the findings do not support Silverman's (1983) contention that a 7-point scatter between highest and lowest subset scores in a WISC-R may be a good indicator of the existence of LDs in gifted pupils.
In addition, the MG/LD students showed high verbal and visual abilities across the WISC-III-Jordan and perceptual skills subtests. These results suggest that such students on average possess harmonic mathematical abilities according to Krutetskii's (1976) classification of mathematically gifted students. Presmeg (1986) and Straker (1982) reported that the harmonic type of mathematically gifted student is most likely to possess mathematical aptitude.
We can conclude from the finding of the current research that the MG/LD sample demonstrates weaker Auditory Short-Term Memory than Visual Short-Term Memory. This finding supports the suggestion that short-term memory is the key factor in dyslexic students or students with learning difficulties. In addition, the results confirm to the substantial evidence that both phonological processing (Auditory Perceptual Skills) and short-term memory are important factors to be considered in relation to students with learning difficulties (Singleton, 2000) . It is now wellestablished that phonological processing ability is very closely related to reading development. In general, it is argued (a) that phonological processes underpin the development of a phonological decoding strategy in reading, and (b) that working memory plays a significant role in this strategy, enabling constituent sounds and/or phonological codes to be held in short-term store until they can be recognized as a word and its meaning accessed in long-term memory (Singleton, 2000) .
Finally, the current research suggests that this method of dynamic mathematics assessment may provide a clearer diagnosis of each student's expected competence. The results demonstrated that dynamic measures are better predictors of pre-test and post-test mathematical improvement than either IQ or the initial static scores. However, it is important to note that in line with Vygotsky's theory, dynamic assessment methods should not be viewed as being in direct opposition to individually based static techniques such as IQ testing. In contrast, the current research suggests that researchers should be able not only to modify the administration of the standardized assessment of mathematics (e.g. The Diagnostic Scale of Mathematics Basic Skills), but also to benefit from standardized concrete hints, cues or gradual prompts in order to apply unstandardized mediation, and adapt the tasks to a hands-on, interactive pre-test-intervention-post-test format for unidentified exceptional children.
